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What are embryonic stem cells and why are they useful? 

Mouse embryonic stem (ES) cells are cells derived from a young embryo before it implants in its 

mother’s uterus. Like cells in the embryo, they can generate any type of cell present in adult mice (a 

property termed pluripotency, see Glossary box on page 2), and can therefore be very useful in the 

study of the events that drive the formation of these different cell types during development (a 

process termed differentiation). We can for example use them to generate neurons in a dish and 

study how the neurons form. 

 

 

 

 

Embryonic stem (ES) cells are derived from a young mouse embryo approximately 4 days after the 

egg is fertilised by the sperm, when the embryo has around 100 cells which haven’t specialised into 

any cell type found in the adult. ES cells are grown (the technical term is cultured) on a plastic dish to 

which they stick, covered by a liquid that supports their growth, at body temperature (37ᵒC). If the 

growth factors used to culture the ES cells are removed from this liquid, the ES cells will form 

neurons after five days. We can therefore use ES cells to study how neurons are generated during 

this period of time. 



ES cells offer a great advantage compared to studies in mice: they can be grown indefinitely in a 

liquid of which we know all chemical 

components (referred to as culture 

medium). This means that we can 

study millions of ES cells at once, as 

opposed to hundreds or thousands of 

cells in the early embryo, which gives 

us more information to analyse as well 

as help for experiments where we 

need a lot of biological material. It 

also means that we can easily add 

different molecules to the medium in 

which we grow ES cells to assess the 

effects of these molecules on ES cells 

while they generate specialised cells 

such as neurons. Doing the same for 

embryos developing in their mother’s 

reproductive system would be clearly 

problematic if not impossible. They 

also provide us with a practical and 

biologically relevant alternative to animal experimentation (see Box 2). 

GLOSSARY 

 Pluripotency: The ability of ES cells to generate all the 

cells of an adult mouse. 

 Differentiation: The process by which a pluripotent cell 

generates specific cell types. 

 Cell culture: The procedures carried out by researchers 

to grow and experiment on cells. 

 Culture medium: The liquid in which cells are grown. 

 Growth factors: Molecules that support the growth of 

cells. 

 Expression: The production of proteins by cells. 

 Cell signalling: Some molecules produced by cells can 

exit the cells, interact with other cells and promote the 

expression of specific proteins. These molecules are 

therefore “signalling” to cells that they should express 

certain proteins. 

 Homogeneous: Cells expressing the same proteins 

throughout the dish they are cultured on. 

BOX 1 – WHY DO WE STUDY DEVELOPMENTAL BIOLOGY AT THE CRM? 

If we wish to cure diseases that are caused by a malfunction of a physiological process, if we attempt 

to promote the regeneration of damaged cells within patients, or if we set out to make cells for 

transplantation in culture, it is fundamental for us to understand how these cells are generated 

during our development, and how they operate at the molecular level, both in health and in disease. 

Without this comprehensive picture of their behaviour, any attempted drug treatment, 

transplantation or genetic therapy is a stab in the dark at best, and dangerous at worst. Molecular, 

cell and developmental Biology are crucial areas of study essential for the present and future success 

of clinical trials in regenerative medicine. 

BOX 2 – EMBRYONIC STEM CELLS AS AN ALTERNATIVE TO ANIMAL EXPERIMENTATION 

The use of animals for scientific and medical research is a controversial subject and presents various 

ethical problems. While it is necessary, scientists are always trying to find alternative ways to carry 

out their research. Embryonic stem cells are also sometimes seen as a controversial type of cell 

because they are derived from embryos, but in fact working with them greatly reduces the amount 

of animals used for research. Let’s see why. 

1- Once isolated from one embryo, ES cells can be grown forever. 

The cells we use in our lab were isolated in 1987! 

2- ES cells are isolated from a very young embryo of approximately 100 cells, which does not have a 

nervous system and therefore does not suffer when the ES cells are generated. 

3- By studying how ES cells form specialised cell types in a dish, we are using an alternative to 

studying how these specialised cells form in mice. 

We perform hundreds of experiments a year, meaning we avoid using a lot of mice! 



What regulates the differentiation of embryonic stem cells to neurons? 

In our laboratory, we are interested in understanding the molecular mechanisms underlying the 

early decisions that cells make as they exit pluripotency. In other words, how does an ES cell that can 

generate all cell types in the adult become limited to making neural cells and not muscle or gut? 

There are a lot of factors involved in this process, and all drive a series of complex events inside cells 

that will affect neural differentiation positively or negatively. A very simplistic summary is shown in 

the image below. 

 

 

The differentiation of pluripotent cells into neural cells is regulated by many molecules. It is not fully 

clear how BMP (in ochre) prevents this process. 

 

BMP is a factor that for almost 20 years has been known to repress the differentiation of pluripotent 

cells into neural cells, yet it is still unclear how it achieves this repression. A first hint on how it may 

inhibit the early stages of neural induction comes from previous research carried out in our 

laboratory. We have shown that a protein called Tcf15 can promote the differentiation of 

pluripotent cells. Tcf15 is a protein which is negatively regulated by BMP (through Id1, a protein that 

mediates BMP signalling), meaning Tcf15-driven differentiation is blocked by BMP. This, however, 

cannot be the only role of BMP, since mice that lack the Tcf15 gene survive to birth and form neural 

cells. This implies that Tcf15 helps with the formation of neural cells but that it is not required for 

this process, and that BMP is likely to affect the behaviour of other factors as well. 

 

 

 



E-cadherin is maintained by BMP and antagonises neural differentiation 

We set out to identify other molecules affected by BMP and its downstream target Id1. We observed 

that by forcing ES cells to express high levels of Id1 during neural differentiation, we could cause 

them to maintain the expression of E-cadherin. 

         Without BMP target Id1           With BMP target Id1 

 
BMP, through its target Id1 (in red), prevents ES cells from differentiating into neurons (in green on 

the bottom panels), and prevents the loss of E-cadherin (in green on the top panels). 

 

E-cadherin is a molecule that forces cells to stick together, and is normally lost before cells 

differentiate into neural tissue. We demonstrated that by forcing the loss of E-cadherin, using an 

antibody added to the cell culture medium, we could accelerate the formation of neural cells and 

make the differentiation of pluripotent cells more homogeneous.  

We also showed that by forcing the loss of E-cadherin while differentiating the cells in the presence 

of BMP, we could rescue the block on neural differentiation. This tells us E-cadherin is the critical 

mediator of the anti-neural effects of BMP. 

 

What is the significance of these discoveries for developmental biology? 

The identification of E-cadherin as a critical mediator of BMP signalling provides an important insight 

on how this signalling pathway inhibits the formation of neural cells, and involves an unusual type of 

protein in the regulation of cell fate. So far, in fact, most of the identified proteins that mediate the 

effects of signalling molecules on the neural differentiation of pluripotent cells are factors that can 

bind DNA and switch on or off “neural” genes. E-cadherin, however, is bound to the cell membrane, 

the structure that separates the “outside” from the “inside” of the cell, and does not come into 

contact with DNA. Its involvement in ES cell differentiation implicates that there may be many more 

factors like it that could affect this type of process, and that we may have overlooked them so far. 

Furthermore, we have succeeded in identifying a crucial mediator of BMP signalling, helping to shed 

light on a process that has been studied for almost twenty years. 
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What is the significance of these discoveries for regenerative medicine? 

All of this may sound relatively interesting, but what benefit can this research bring to the field of 

regenerative medicine? 

There are two answers to this question, one pertinent to all basic biological research, outlined above 

in Box 1, and one specific to our work. Our observation that forcing the loss of E-cadherin activity, by 

means of adding an antibody to the culture medium, increases the homogeneity and percentage of 

cells differentiating to the neural lineage, has direct relevance to the field of regenerative medicine. 

Many research groups, including Dr Tilo Kunath’s in our research centre, are attempting to generate 

neurons from pluripotent cells with the objective of transplanting them in diseased patients. Should 

our findings be confirmed for human pluripotent cells, antibody-mediated inhibition of E-cadherin 

function may aid in the generation of these neurons for transplantation. 
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The current method for 

differentiating pluripotent 

cells into neural cells (in 

green) can be improved by 

using an E-cadherin blocking 

antibody, which causes more 

cells to become neural. 

This could aid in the 

generation of neural cells for 

therapeutic purposes. 


